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A method for producing an oxide glass thin film is provided.,
in which volatilization of additives in a porous film from
which the thin film is formed is effectively suppressed, and
which the oxide glass film has a desired arrangement of
refractive index with a low optical loss. According to this
method, glass fine particles mainly containing SiO., with a
first additive are deposited on a substrate to form a porous
thin film. A gas containing a second additive is supplied to
a first chamber and heated to a first predetermined tempera-
ture profile to provide a heated gas containing an oxide.
After disposing the substrate in a second chamber commu-
nicated with the first chamber, the substrate is heated to
make the deposited porous glass into transparent glass while
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METHOD FOR PRODUCING GLASS THIN
FILM

This 1s a division of application Ser. No. 08/330,602.
filed Oct. 28, 1994, now U.S. Pat. No. 5,503,650, which is
a Rule 62 continuation application of Ser. No. 08/033,786
filed Mar. 17, 1993 (now abandoned).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and an appa-
ratus for producing an oxide glass thin film to be used for

formation of an optical waveguide or the like.
2. Related Background Art

A glass optical waveguide formed on a silica glass sub-
strate or on a silicon substrate exhibits good matching
characteristics with optical fibers, and, therefore, is used as
a component for optical communication. There is known a
method for forming a glass optical waveguide on a substrate,
in which fine particles of glass are deposited on a substrate
by a gas phase method using an oxygen-hydrogen burner to
form a porous glass thin film thereon (see FIG. According to
this method the substrate is then heated at a high temperature

by means of an electric oven to finally form a transparent
glass thin film on the substrate. Normally, the substrate is a

silicon wafer, and the waveguide as so formed contains SiO,
as its main component. In this case, the melting point of
silicon is lower than the glass transition temperature of pure
S510,. It is a usual practice to lower the glass transition
temperature by adding an additive or additives such as P,O.,
B.0O,, GeO,, and the like into the SiO,. The specific contents
of the conventional waveguide are described in detail for
example in Japanese Laid-open (Kokai) Patent Application
No. 58-105111, Japanese Laid-open (Kokai) Patent Appli-
cation No. 1-192732, and U.S. Pat. No. 4.263.031.

In instances in which the fine particles of glass are
deposited on the substrate to form the porous thin film and
heated at the high temperature by the electric oven to form

the transparent glass thin film, as described above, the
following problems tend to occur due to volatilization

scattering of the additive components which are added into

the oxide glass thin film in order to lower the glass transition
temperature.

Components easy to volatilize and thereby scatter, such as
P,0s. B,0;. etc.. among the additive components are first to
exit of the thin film, which raises the glass transition
temperature of the glass portion from which the volatile
components have been volatilized to scatter. The rise of the
glass transition temperature causes an unsintered portion or
non-transparent glass portion to be left behind in the glass
film produced. This causes a high optical loss in the
waveguide thus formed from such a glass film. Additionally,
the refractive index of the glass film surface varies depend-
ing upon the extent of volatilization of the additive
components, which makes it difficult to obtain a desired
arrangement of refractive index. This in turn makes the
design of the waveguide structure difficuit.

SUMMARY OF THE INVENTION

It is an object of the present invention, taking the above
problems into account, to obtain an oxide glass thin film
having a desired refractive index arrangement with a low
optical loss by suppressing the volatilization of additives in
a porous glass thin film deposited on a substrate during a
step of changing the porous film into a transparent glass film.
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In order to resolve the above problems, the present
invention involves a method of producing an oxide glass
thin film, in which fine particles of glass mainly containing
510, with an additive or additives are deposited on a
substrate to form a porous thin film thereon and in which the
porous thin film is heated to form a transparent glass film on

the substrate, wherein vapor of oxide(s) of the additive
component(s) is mixed in an atmosphere in which the porous
thin film is heated to form the transparent glass film.

That is, the method of producing a glass thin film accord-
ing to this invention comprises:
a first step of depositing fine particles of glass mainly
containing Si0, with an additive on a substrate to form
a porous glass thin film thereon; and

a second step of heating the porous glass thin film to form
a transparent glass thin film on the substrate; the second
step being conducted in an atmosphere containing a
vapor of an oxide of a component in the additive for
suppressing a the volatilization of the additive in the
fine particles.

The following methods are suitable for introducing the

vapor of the oxides into the atmosphere:

(a) A method in which each of the vapor components
(P,Os5, B,O5, GeO,, etc.) is heated to evaporate in a
separate manner and then introduced into a heating area
of the substrate;

(b) A method in which the vapor of chlorides (PCl,,
POCl;, BCl;, Ge(l,, etc.) 1s oxidized with O, gas and
then introduced into the heating area of the substrate.

According to the present invention, the heating area

temperature of the vapor components in the method (a) or
the oxidation area temperature in the method (b) is set at a
temperature at which a vapor pressure of the introduced
oxides is 30 to 150% of the equilibrium vapor pressure at the
substrate heating area temperature. |

The volatilization of the additives may be represented by

the following chemical formula 1 or chemical formula 2.

(Chemical formula 1)

MO, (Solid) 1> MO.(Gas); (M: Metal ion)
<5
(d)

(Chemical formula 2)

MO, (Solid) —2>> MO,,(Gas) + —— O,
< z
(d) |

The volatilization of the additive components occurs with
progress of the rightward reactions in the above formulas.
The extent of the volatilization reactions are determined by
reference to the chemical equilibrium at a certain treatment
temperature. Thus, if the volatile components should existin
the treatment gas at a vapor pressure over the equilibrium
pressure at the substrate treating temperature, the reactions
indicated arrow (¢) in chemical formula 1 and in chemical
formula 2 would not proceed and thus cause no volatiliza-
tion of the additive components. However, a practically
sufficient effect can be obtained in actual practice if the
volatilizing components are between 50% and 150% of the
equilibrium pressure at the substrate treating temperature.

Provided that the heating area temperature of the vapor
components or the oxidation area temperature is kept at a
higher temperature than the substrate heating area

temperature, a vapor pressure of each additive component
would become greater than the equilibrium vapor pressure

of the chemical formula 1 or the chemical formula 2, thereby
enhancing the effect of preventing the volatilization of the
additive components as described.
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Components easy to volatilize to scatter are P,Os, B,Os,
and GeO,. the equilibrium vapor pressures of which are
shown in FIG. 2.

According to the present invention as described above, in
the production of the oxide glass thin film to be used for
formation of optical waveguides or the like, the vapor of
volatile oxide components is introduced into the atmosphere
in which the heating process to form the transparent glass
film is carried out, so as to stop the volatilization of the
additives in the porous film deposited, thereby preventing
diffusion of the additives added into a core layer and also
preventing the volatilization of glass transifion temperature
lowering components in the additives (P,Os. B,O5. GeO,,
etc.). In accordance with the present invention, a desired
arrangement of refractive index may be obtained, and an
oxide glass thin film may be obtained while lowering the
optical loss, such as the optical scattering, which could be
caused by bubbles in the unsintered portion.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only. and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an apparatus for depositing
fine particles of glass on a substrate;

FIG. 2 is a graph indicating equilibrinm vapor pressures
of major additive components;

FIG. 3 is a schematic diagram of an apparatus used in
Example 1 according to the present invention;

FIG. 4 is a graph showing a temperature control procedure
practiced in Example 1 according to the present invention;

FIG. S is a schematic diagram of an apparatus used in
Example 2 according to the present invention;

FIG. 6 is a graph showing a temperature control procedure
practiced in Example 2 according to the present invention;

FIGS. 7TA-TF are sectional views respectively showing
schematic steps of forming an optical waveguide, using a
production method of a glass thin film according to the
present invention;

FIG. 8 is a sectional view illustrating the efiect in the
present invention; and

FIG. 9 is a graph showing a relation between a ratio
(P,/P;.). which is a ratio of a vapor pressure (P;) of infro-
duced oxides to a saturated vapor pressure (P;,), and a ratio
(b/a), which is a ratio of a parameter A (b) on the surface side
to a parameter A (a) on the substrate side.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments according to the present
invention will be described in detail in the following.

EXAMPLE 1

Using an apparatus as shown in FIG. 1. fine particles of
olass mainly containing SiO, are deposited on a substrate of
Si to form a deposit film of the glass fine particles.
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First explained is the apparatus for depositing the glass
fine particles on the substrate as shown in FIG. 1. There are

a plurality of substrates 1, onto which the glass fine particles
through a torch 3 are to be deposited and which are disposed

in a reaction vessel 6 having a bottom defined by a rotatable
turn table 2. Glass fine particles which are not deposited on
the substrates 1 and the exhaust gas are removed through an
exhaust pipe 4. The turn table 2 on which the substrates 1 are
placed is driven to rotate relative to the reaction vessel 6 by
means of a motor (not shown), and the torch 3 reciprocates
in the radial direction of the turn table 2. Such an arrange-
ment permits the glass fine particles to be uniformly depos-

ited on the substrates 1. A lower heater 5 is provided on the
turn table 2 to uniformly heat the substrates 1 placed on the
turn table 2.

Using the above-described apparatus, fine particles of
glass for optical waveguide film were deposited on the
substrates. The substrates 1 were arranged on the turn table
2. and the substrates 1 were heated by the lower heater S to

increase the temperature thereof while turning the turn table
2. Then, O, gas and H, gas were supplied to the torch 3, and
an oxygen-hydrogen flame was formed at a blow-oft portion
of the torch 3 toward the substrates 1. At the same time, the
torch 3 was reciprocated in the radial direction of the turn
table 2. After the substrate temperature reached a predeter-
mined temperature, a raw material of glass was fed to the
torch 3 to undergo the hydrolysis in the flame, thereby
depositing the glass fine particles on the substrates 1.

Conditions followed for the deposition of the glass fine
particles were as follows: A rotation speed of the turn table
2 was 10 [rpm]; a moving speed of the torch 3 was 120
[mm/min][; a moving distance of the torch 3 was 200 [mm]};
a feed rate of O, gas into the torch 3 was 8 [I/min}; and a feed
rate of H, gas into the torch 3 was 10 {I/min]. The glass raw
material was supplied to the torch 3 under the following
conditions.

First deposition conditions

Fine particles of glass for a lower cladding layer
(deposition time: 30 min)

SiCl,: 250 [ce/min];

B(Cl;: 10 [cc/min];

PCl;: 25 [cc/min).
Second deposition conditions

Fine particles of glass for a core layer (deposition time: 20
min)

SiCl,: 250 {cc/min};

GeCl,: 40 [cc/min};

PCl;: 20 [cc/min];

BCl;: 5 [c¢/min).

After that, the glass fine particles thus deposited on the

substrate 1 were heated using a heating oven 190.

FIG. 3 shows a schematic construction of an apparatus
used in Example 1. A heating oven 10 is provided which
includes an oven core tube 135, heaters 13, 14, a gas
supplying unit 17 for supplying gas into the oven core tube
15, and a gas evacuating unit 18 for evacuating the gas out
from the oven core tube 13. The oven core tube 15 is a
spatially continuous tube. The oven core fube 15 has a
heating arca (i.e., a first chamber) 11 for heating vapor
components, which is located on the upstream side of gas
fiow, and a heating area (i.e., a second chamber) 12 for
heating the substrates, which is located on the downstream
side. The two heating areas are independently controlled by
a control unit 19 to have respective temperatures through the
heaters 13, 14. as shown in FIG. 3.

Platinum crucibles 16 were situated in the heating area 11
of the vapor components, in which respective oxides of
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P,0s,B,0,;. and GeO, were separately set, and were heated.
The substrates 1 were placed in the heating area 12 of
substrate.

The vapor component heating arca 11 was initially set at
850 [°C.] and the substrate heating area 12 at 800 [°C.], and
mixture gas of O, at 5 [I/min] and He at 5 [I/min] was
supplied to flow through the areas. The temperature was
raised at arate of 5 [°C./min]. The vapor component heating
area 11 and the substrate heating area 12 were then main-
tained at 1300 [°C.] and at 1250 [°C.], respectively. for one
hour, and then the temperature of the vapor component
heating area 11 and the temperature of the substrate heating
area 12 were decreased down to 850 [°C.] and to 800 [°C.].
respectively, as shown in FIG. 4. After stopping the supply
of the mixture gas, the substrates 1 were removed. In this
heating process. the temperature of the vapor component
heating area 11 was always set higher by 50 [°C.] than the
temperature of the substrate heating area 12. There were no
remaining bubbles recognized in the films obtained on the
substrates 1. Analysis of element components using EPMA
(electron probe micro analyser) showed no element volatil-
izatare and no diffusion in an interface area between the core
layer and the lower cladding layer and in the outermost layer
of the core.

EXAMPLE 2

Using the apparatus of FIG. 1, a glass fine particle
deposited film mainly containing SiO, was formed on Si
substrates 1 in the same manner as in Example 1. The
deposition conditions of the glass fine particle deposited film
were also the same as those in Example 1. Then, glass fine
particles deposited on the substrates 1 were heated using a
heating oven 20.

FIG. S shows a schematic construction of an apparatus
used in Example 2. The heating oven 20 is provided which
includes an oven core tube 25, heaters 23, 24. a gas
supplying unit 27 for supplying gas into the oven core tube
25, and a gas evacuating unit 28 for evacuating the gas out
from the oven core tube 25. The oven core tube 25 is a
spatially continuous tube. The oven core tube 25 has an
oxidation area 21 located on the upstream side of gas flow
and a substrate heating area 22 on the downstream side.
These two areas are independently controlled by a control
unit 29 to have respective temperatures through the heaters
23, 24, as shown 1n FIG. 5. The substrates 1 were placed in
the substrate heating area 22.

Initially, the temperature of the oxidation area 21 was set
at 1350 [°C.] and the temperature of the substrate heating
area 22 at 300 [°C.]; chloride vapor of Ge(Cl, at 5 [cc/min],
POCl, at 10 [cc/min), and BCI, at 10 [cc/min], and a mixture
gas of O, at 5 [I/min] and He at 5 [I/min] were introduced
into the heating oven. The chloride vapor introduced into the
heating oven was preliminarily oxidized in the oxidation
area 21. Then, the temperature of the substrate heating area
22 was raised at a rate of 5 [°C./min]. and then maintained
at 1250 [°C.] for one hour, and was lowered thereafter down
to 800 [°C.], as shown in FIG. 6. After stopping the supply
of the mixture gas, the substrates 1 were taken out. There
were no remaining bubbles recognized in the films on the
substrates 1 obtained in this example. Patterning was
effected on the films to produce buried waveguides.

Additionally, a glass fine particle deposited layer mainly
containing Si0O, was formed on the Si substrates 1 under the
same deposition conditions as in Example 1. Then, the
substrates with the glass fine particle deposited layer were
subject to the same heating treatment as in Example 1
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without the presence of the vapor components (P,Os, B,O,,
(Ge0O,) by means of the electric oven 10 as shown in FIG. 3.
Glass filims thus obtained on the substrates 1 had cloudiness
on the outermost surfaces thereof. Further, element analysis
by EPMA showed that the amount of each P, B, and Ge at
the outermost surfaces was decreased to be a quarter of the
amount of each inside the films.

The present invention is not limited to the examples as
described, but may be applied to a production method and a
production apparatus obtained by combination of Example 1
and Exampie 2.

The imtroduced oxide vapor of the additive components
rarely presented such an influence that the additives diffuse
in the surface or in the inside of glass film, but rather showed
the desired effect of preventing the volatilization of the
additive components from the outermost surface of glass
film at the high temperature.

The following explains schematic steps practiced to for an
optical waveguide, using the production method of the glass
thin film according to the present invention, with reference
to sectional views as shown in FIGS. 7A to 7F.

A first porous glass film S0a, which is to become a lower
cladding layer, is first deposited on a Si substrate 1 (FIG.
7A). A second porous glass film 60a, which is to become a

core layer, is then deposited on the first porous glass film 50a
(FIG. 7B). The deposition conditions of the first and second

porous glass films S0a, 60q are the same as those as shown
in Example 1.

The first and second porous glass films 50a, 60a are
heated in a heating oven, into which the oxide vapor is
introduced, to form transparent glass layers of a lower
cladding layer S0 and a core layer 60, respectively (FIG.
7C). The core layer is subject to etching so as to leave a
desired region behind, thus forming an optical waveguide 61
(FIG. 7D).

Further, a third porous glass film 70a. which is to become
an upper cladding layer, is deposited over the lower cladding
layer 50 and the optical waveguide 61 (FIG. 7E). The
deposition conditions of the third porous glass film 70a are
the same as those of the first porous glass film 50a, that is,
as the first deposition conditions in Example 1. Then, the
third porous glass film 70q is heated in the heating oven, into
which the oxide vapor is introduced, to form a transparent
glass layer of the upper cladding layer 70 (FIG. 7F).

An optical loss of the thus produced buried optical
waveguide was measured, and the measured loss was not
more than 0.1 [dB/cm], which was very good.

The relationship between the pressure of the introduced
oxide vapor and an effect thereof is now described. FIG. 8
1s a schematic sectional view of a glass layer 80, which is
obtained by depositing a porous glass film on a substrate 1
and then heating it to form a transparent glass layer. A
parameter A at the bottom, or on the substrate side of a glass

layer 80 is denoted by a, and a parameter A at the top, or on
the surface side of the glass layer 80 by b.

The parameter Ais a relative refractive index difference to
a silica glass, which is defined by the following equation:

A=(ny’—n,?)Y2ny*~(ny—n, ¥ng,

where n, is a refractive index of the silica glass and n, is a
refractive index of an object.

FIG. 9 shows the results of measurements conducted on
an example to investigate the relationship between a ratio
(P/P;;). which is a ratio of a pressure (P,) of the introduced
oxide vapor to the saturated vapor pressure (P;.), and a ratio
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(b/a). which is a ratio of a parameter A (b) of the glass layer
80 on the surface side to a parameter A (a) of the glass layer
80 on the substrate side. This measurement example shows
a case with additives of GeQO, and P,0O, and the similar
results are obtained with other additives.

The following briefly explains the graph of FIG. 9. When
the pressure (P,) of the introduced oxide vapor 1s 40% of the
saturated vapor pressure (P, ), the parameter A (b) on the
surface side is about 0.93 times as large as the parameter A
(a) on the substrate side, while when the P;is 160% of P,. b
is about 1.06 times as large as a. As the pressure (P;) of the
introduced oxide vapor increases, the parameter A (b) on the
surface side gradually becomes larger.

It is most preferable as waveguide properties that the
parameter A (b) on the surface side coincides with the
parameter A (a) on the substrate side, which is b/a=1. In
order to stabilize the properties of waveguide, it 1s preferable
that the ratio of parameter A (b/a) be set substantially
between 0.95 and 1.05. It is accordingly preferable that the
pressure (P;) of the introduced oxide vapor be kept at 50 to
150% of the saturated vapor pressure (P, ).

The silicon substrate was employed as a substrate in the
above examples, but the substrate may be a silica glass
substrate. The present invention can be also applied to cases
with various additives which could be volatilized to scatter
during heating to form a transparent glass film, in addition
to the examples as described above with the additives added
to form the porous glass films.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

What 1s claimed is:

1. A method for producing a glass thin film with a first
additive on a substrate, said method comprising the steps of:

depositing SiQ, porous glass with the first additive on the
substrate;

supplying a chloride gas having a component of the first
additive to a first chamber;

heating the chloride gas having the component of the first
additive in the first chamber while controlling a tem-
perature in the first chamber according to a first pre-
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determined temperature profile so as to produce a
heated gas containing an oxide;

heating said substrate located in a second chamber com-
municated with the first chamber to make the deposited

porous glass into transparent glass while controliing a
temperature in the second chamber according to a

second predetermined temperature profile; and

flowing a carrier gas from the first chamber to the second

chamber to transfer the heated gas containing an oxide
from the first chamber to the second chamber during

said heating steps,

wherein the temperature at any given time of the first

predetermined temperature profile is higher than the
temperature of the second predetermined temperature
profile at the same time, and further wherein the oxide
of the heated gas containing an oxide is an oxide of the

component of the first additive.
2. A method according to claim 1, wherein the substrate

is a silica glass substrate or silicon substrate.
3. Amethod according to claim 1, wherein the oxide of the

component of the first additive comprises at least one of
GeQ,, PO, and BO,.

4. A method according to claim 1, wherein the tempera-
ture at any given time of said first predetermined tempera-
ture profile is higher than the temperature of said second
predetermined temperature profile at the same time by a
predetermined temperature.

5. A method according to claim 1, wherein said step of
heating the chloride gas having the component of the first
additive oxidizes the chloride gas to form the oxide of the
component of the first additive.

6. A method according to claim 5, wherein the substrate
is a silicon gas substrate or silicon substrate.

7. Amethod according to claim 5, wherein the oxide of the
component of the first additive comprises at least one of
GeO,, PO, and BO.,.

8. A method according to claim 5, wherein the tempera-
fure at any given time of said first predetermined tempera-
ture profile is higher than the temperature of said second
predetermined temperature profile at the same time by a
predetermined temperature.
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